ABSTRACT
INTRODUCTION
Necrotizing pneumonia (NP) is characterized by pulmonary inflammation with consolidation, peripheral necrosis and formation of multiple cavitary lesions. 1 Toxins of invasive pathogens, vasculitis and venous thrombosis have been suggested to be involved in the perturbations of bronchial and pulmonary vascular supply, preceding necrotic change of lung parenchyma. 2, 3 Tissue necrosis disrupts the delivery of antibiotics to infected lung areas and causes persisting infection and progressive destruction of the pulmonary parenchyma, resulting in bronchopleural fistula, empyema, septic shock and pulmonary gangrene,
SUMMARY AT A GLANCE
We investigated the clinical features of communityacquired necrotizing pneumonia. Necrotizing change was noted in approximately 10% of the patients with community-acquired pneumonia (CAP) and was characterized by more severe clinical manifestations and increased need for pleural drainage. Necrotizing change was a predictor of length of hospital stay (LOS) but not of mortality in patients with CAP.
which are regarded as markers of the final stage of progressive lung destruction. 1, 2 Furthermore, NP was considered as a rare and severe complication of bacterial community-acquired pneumonia (CAP). 1, 2, 4, 5 On chest radiographs, NP manifests as a rapid progression of airspace disease with development of cavities. 1, 6 However, plain chest radiography is an inadequate diagnostic tool because it underestimates parenchymal destruction. 2 Computed tomography (CT) scan with contrast enhancement provides the most sensitive diagnostic modality and is a standard procedure for the diagnosis of NP. 6 On CT scans, NP is characterized by pneumonic consolidation with multiple areas of necrosis of the lung parenchyma. 2, 7, 8 As described above, the detection of NP in imaging studies might raise concerns of poor prognosis and subsequent treatment failure. However, studies using CT scans for the diagnosis of NP for a large number of patients, especially in adults, are scarce. 5 In addition, data regarding the incidence of NP and the differences between NP and non-NP are limited. 6 The aim of the present study was to determine the incidence of NP among CAP patients and to compare the clinical variables of patients with or without NP, and thereby to elucidate the prognostic role of necrotizing change in these patients.
METHODS

Study design
Consecutive CAP patients admitted to and treated at the Respiratory Department of Kyungpook National University Hospital (KNUH), a tertiary referral centre, in Daegu, Korea, between January 2011 and December 2014, were identified using the CAP patient registry. All patients were enrolled on admission and baseline characteristics were recorded, although not all patients underwent the same laboratory tests. Pneumonia was diagnosed using the following criteria: (i) a new radiographical infiltrate and (ii) one or more compatible symptoms or signs (cough, sputum, dyspnoea, fever and/or pleuritic chest pain). The exclusion criteria for CAP applied were as follows: (i) hospital-acquired pneumonia or healthcare-associated pneumonia, 9 (ii) the presence of an active thoracic malignancy and (iii) immunosuppression or steroid use ( >15 mg/day of prednisone for >14 days).
Two chest radiologists (K.-M.S. and J.-K.L) independently reviewed the CT scan images of all patients for the presence of necrotizing changes. NP was defined as consolidation with multiple areas of non-enhancement without rim enhancement on contrast-enhanced CT scan in one or more pulmonary segments or lobes. 10, 11 Patients without an available enhanced CT scan at presentation were excluded. Patients were allocated into NP or non-NP group, based on the presence or absence of necrotizing changes. Clinical parameters were compared between the two groups.
The present study was approved by the Institutional Review Board of the KNUH (2015-07-035), which waived the requirement for written informed consent from patients owing to the retrospective nature of the study.
Data collection
Two chest physicians (H.S. and S.-I.C.) analysed the data. Symptoms, vital signs, co-morbid conditions, pneumonia severity indices (PSIs) 12 and CURB-65 scores 13 (a six-point score, one point for each of confusion, urea >7 mmol/L, respiratory rate ≥30/min, low systolic (<90 mm Hg) or diastolic (≤60 mm Hg) blood pressure and age ≥65 years) were reviewed. Baseline data were initially recorded by resident physicians and confirmed by attending chest physicians. Charlson co-morbidity indices (CCIs) 14 were calculated retrospectively.
Information about therapeutic interventions, including mechanical ventilation, corticosteroid use, vasopressor infusion and pleural drainage with percutaneous catheters or chest tubes was collected. Length of hospital stay (LOS), admission to an intensive care unit (ICU), 30-day mortality, inhospital mortality and clinical deterioration were selected as outcome variables. Clinical deterioration was defined as the initiation of mechanical ventilation, vasopressor infusion, ICU admission and 30-day or in-hospital mortality.
Laboratory data, including complete blood cell counts, erythrocyte sedimentation rate (ESR), liver function testing, C-reactive protein (CRP), procalcitonin, N-terminal of prohormone brain natriuretic peptide, blood urea nitrogen, creatinine and arterial blood gas analysis data, were reviewed.
Microbiological data
A causative pathogen was considered if one of the following criteria were met: isolation of a microorganism from blood or pleural fluid; positive urinary antigen test for Streptococcus pneumoniae or Legionella pneumophila serogroup 1 (Table S1 , Supplementary Information); identification of bacteria from a sputum sample (>25 neutrophils and <10 squamous epithelial cells per lower power field) collected within 24 h of admission plus compatible Gram-stain finding; positivity for Mycoplasma pneumoniae or Chlamydia pneumoniae as determined by a positive IgM result or a fourfold increase in IgG levels between the initial and convalescent samples (Table S1 , Supplementary Information); positivity for respiratory viruses in a throat or nasopharyngeal swab by multiplex PCR (Table S1 , Supplementary Information); or identification of Influenza A or B antigen or Influenza H1N1 in a throat swab (Table S1 , Supplementary Information). The potentially drug-resistant pathogens detected included methicillin-resistant Staphylococcus aureus (MRSA), Pseudomonas aeruginosa, Acinetobacter baumannii, Stenotrophomonas maltophilia and extended-spectrum β-lactamase-producing Enterobacteriaceae.
Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics for Windows version 22.0 (IBM Corp., Armonk, NY, USA). P-values <0.05 were considered statistically significant. Data were expressed as means AE SDs or medians (interquartile ranges, IQRs) for non-normally distributed continuous variables and as numbers and percentages for categorical variables. Continuous variables were compared using the Student's t-test or the Mann-Whitney U-test if nonnormally distributed, whereas categorical variables were compared using the chi-square test or Fisher's exact test. LOS was analysed using the Kaplan-Meier method; patients who died were censored from this analysis. Independent prognostic factors of LOS were identified using a stepwise forward Cox regression model.
RESULTS
Baseline characteristics
Initially, 1139 CAP patients were identified, and of these, 309 patients without available enhanced CT scans (10 patients had no CT scan images and 299 had non-enhanced CT scan images only) were excluded. Consequently, 830 patients were included in this study; 103 (12.4%) were allocated to the NP group and 727 (87.6%) to the non-NP group. Patients with NP were demographically characterized by a higher percentage of males, ever-smokers and heavy drinkers compared with the non-NP group (Table 1) . Co-morbid conditions (Table S2 , Supplementary Information)- gastrectomy, diabetes and chronic liver disease-were more common in the NP group. However, CCIs did not differ significantly between the two groups. Patients in the NP group experienced significantly more symptoms, including dyspnoea, fever, haemoptysis and chest pain, than patients in the non-NP group. CURB-65 scores and high CURB-65 (3-5) rates were similar in the two groups, but PSI class was significantly higher (3 (2-4) vs 3 (2-3), P = 0.002) and a high PSI class (4-5) tended to be more common (34 (33%) vs 176 (24%), P = 0.055) in the NP group. Pleural drainage was performed significantly more often in the NP group (57 (55%) vs 53 (7%), P < 0.001). No intergroup differences were noted for the use of mechanical ventilation, vasopressor infusion, ICU admission, 30-day mortality, in-hospital mortality or clinical deterioration. In contrast, median LOS was significantly longer in the NP group (14 days (11-16 days) vs 8 days (6-12 days), P < 0.001).
Blood laboratory findings
Inflammatory markers, including white blood cell count, ESR and CRP, were significantly higher and the levels of serum albumin and sodium were significantly lower in the NP group (Table 2) .
Microbiological data and antimicrobial treatment
In the NP group, 37 pathogens were identified in 27 patients (26%), and in the non-NP group, 283 pathogens were identified in 218 patients (30%) ( Table 3) . The most common pathogen in the NP group was Klebsiella pneumoniae (n = 9), followed by S. pneumoniae (n = 5) and S. aureus (n = 5). Klebsiella pneumoniae (9 (33%) vs 38 (17%), P = 0.048), S. aureus (5 (19%) vs 12 (6%), P = 0.012) and Streptococcus milleri group (4 (15%) vs 3 (1%), P = 0.003) were significantly more common in the NP group, whereas M. pneumoniae (3 (11%) vs 79 (36%), P = 0.009) was significantly less common. On the other hand, the frequencies of potentially drug-resistant pathogens were similar in the two groups.
In the NP group, ampicillin-sulbactam with or without macrolide or fluoroquinolone (50 (49%)) was the most commonly used antibiotic regimen, followed by cefotaxime or ceftriaxone plus clindamycin (21 (20%)) ( Table 4 ). Both regimens were administered significantly more often in the NP group (50 (49%) vs 120 (17%), P < 0.001 and 21 (20%) vs. 21 (3%), P < 0.001, respectively). Cefotaxime or ceftriaxone with or without macrolide or fluoroquinolone was less frequently administered (19 (18%) vs 490 (67%), P < 0.001) in the NP group.
Factors affecting LOS
As mentioned above, LOS was the only outcome variable that differed significantly between the two groups. Kaplan-Meier curve was constructed for the NP and non-NP groups (Fig. 1) . Patients with NP were significantly more likely to stay longer in hospital compared to those without NP (log-rank P < 0.001 and Breslow P < 0.001). Thus, we tried to identify factors associated with LOS. We set up two models based on two clinical prediction scores, that is, PSI and CURB-65 (Table 5) . By multivariate analysis using the CURB-65-based Cox proportional hazards model, necrotizing change (hazard ratio (HR): 1.56, 95% CI: 1.24-1.97, P < 0.001), CCI of ≥1 (HR: 1.41, 95% CI: 1.22-1.62, P < 0.001), high CURB-65 (HR: 2.48, 95% CI: 1.70-3.62, P < 0.001) and pleural drainage (HR: 1.63, 95% CI: 1.30-2.05, P < 0.001) ( Table 5 ) were found to predict LOS independently. According to the PSI-based model, NP (HR: Data are presented as mean AE SD, median (interquartile range) or n (%). ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; ESR, erythrocyte sedimentation rate; FiO 2 , inspired oxygen fraction; LDH, lactate dehydrogenase; NP, necrotizing pneumonia; NT-proBNP, N-terminal of prohormone brain natriuretic peptide; PaCO 2 , partial pressure of carbon dioxide in arterial blood; PaO 2 , partial pressure of oxygen in arterial blood; SD, standard deviation; WBC, white blood cell. 
DISCUSSION
In the present study, NP accounted for 12% of hospitalized CAP patients and it was characterized by higher frequency of symptoms, higher PSI class, higher levels of inflammatory markers and more frequent need for pleural drainage, which suggested that patients with NP experience a more severe clinical course. The most common pathogen of community-acquired NP was K. pneumoniae, followed by S. aureus, S. pneumoniae and S. milleri group. In patients hospitalized with CAP, the development of necrotizing changes influenced LOS, but it did not affect 30-day mortality or in-hospital mortality.
NP is considered a rare complication of bacterial lung infection; 2 however, information regarding the proportion of NP in CAP patients affected is limited. The presence of parenchymal lung lesions, a requisite for the diagnosis of pneumonia, is usually based on new infiltrates on chest radiograph. 15 However, because chest radiograph is often insufficient for detecting pulmonary parenchymal lesions of pneumonia, chest CT scan can improve the diagnosis of CAP. 16, 17 At our institution, emergency physicians who saw patients with suspected pneumonia tended to confirm pneumonia to transfer them from the Emergency Department to the Internal Medicine Department. Therefore, although CT scan is usually not necessary for the diagnosis of CAP, it was used in the majority of CAP patients treated at our institution, which allowed us to determine the proportion of patients with NP. Therefore, these facts are likely to reduce the possibility that patients who underwent CT scan had more severe disease. In the present study, NP was observed in approximately 12% of the hospitalized CAP patients. Similarly, in a previous study, 136 (39%) of 351 patients with pneumococcal pneumonia underwent CT scan of the chest, and necrotizing changes in the lungs were observed in 11% (n = 15). 6 The reasons behind a microbial agent causing necrotizing changes in the lung parenchyma of one patient but not in another remain to be elucidated. 1 One possible explanation could be the differences in the general condition or immune status of the patients. In the present study, NP was demographically characterized by a higher number of males, ever-smokers and heavy drinkers, and was more commonly associated with postgastrectomy status, chronic liver disease and diabetes. This is consistent with a previous review that reported alcoholism and diabetes as common co-morbid conditions commonly accompanying NP. 2 The duration of symptoms in the NP group was significantly longer than that in the non-NP group, suggesting that delayed treatment could facilitate necrotizing changes.
As noted in a previous review, 2 NP was associated with more symptoms of pneumonia and unfavourable laboratory data, including higher levels of inflammatory markers. However, in the present study, these clinical features of NP were not associated with 30-day or inhospital mortality, which suggests that NP severity perse does not increase the risk of mortality. In the same context, mechanical ventilation, vasopressor therapy and clinical deterioration rates were similar in the two groups. Interestingly, the two clinical prediction scoring systems showed conflicting results; median PSI class was higher in the NP group but median CURB-65 scores were similar in both groups. In fact, LOS was the only clinical endpoint that allowed to differentiate the two groups. Multivariate analysis showed that necrotizing changes independently predicted LOS. The longer LOS observed in the NP group could be explained as follows: (i) more severe inflammation, reflected by higher blood levels of inflammatory markers; (ii) impaired blood supply to the pulmonary parenchyma, leading to impediment of antibiotic delivery; 2, 18, 19 and (3) more frequent association with complicated parapneumonic effusion or empyema requiring pleural drainage.
The aetiology of NP has not been previously studied in a large patient cohort. Classically, anaerobes were considered to be among the more important pathogens, and were believed to cause a spectrum of aspiration syndromes, including aspiration pneumonia, lung abscess and empyema. 10, 20, 21 Pleural fluid and transthoracic needle aspirates are the only sources of specimens currently available for obtaining meaningful anaerobic cultures from patients with NP. 22 In the present study, no anaerobes were cultured from blood and pleural fluid of NP patients. The most common microbe was K. pneumoniae, followed by S. aureus, S. pneumoniae and S. milleri group. These findings corresponds with those of other studies, in which S. pneumoniae, S. aureus and K. pneumoniae were common in Data are presented as n (%). † Others include antipseudomonal beta-lactam plus fluoroquinolone plus teicoplanin (n = 3), antipseudomonal beta-lactam plus teicoplanin (n = 1), vancomycin plus clindamycin (n = 1) and teicoplanin plus moxifloxacin (n = 1).
NP, necrotizing pneumonia.
Staying in hospital
Time to discharge (days) patients with severe NP requiring surgical intervention. 1, 4, 23, 24 The rates of potentially drug-resistant pathogens were similar in our NP and non-NP groups in the present study.
Several limitations of the present study should be noted. First, it is limited by its retrospective design and because it was conducted in a single institution, the possibility of selection bias has to be considered. Furthermore, because some CAP patients were treated at other departments in our institution, not all CAP patients were enrolled in the present study, and not all CAP patients underwent enhanced CT scan, although many (74%) did. Second, no microbiological study was performed on anaerobes from lung tissues or aspirates, and thus, the possibility that anaerobes were not identified as causative agents should be considered. Moreover, due to the retrospective nature of this study, all patients did not undergo the same tests for the aetiological agents, including atypical pathogens. Finally, decisions regarding treatment including antibiotics depended on attending physicians. For these reasons, we acknowledge that a larger prospective study should be undertaken to confirm our findings.
In conclusion, NP, which affected 12% of the CAP patients in the present study, was associated with more severe clinical manifestations and more frequent need to perform pleural drainage. NP differed microbiologically from non-NP. Interestingly, necrotizing change on CT scan images was associated with longer LOS, but not with mortality in our patient cohort. 
